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[57] - ABSTRACT

A shaft-carried speed reducer is provided having an adapt-
able mounting arrangement. The hub of the speed reducer is
configured having a substantially cylindrical axial bore. At
least one annular groove may be defined in the axial bore to
receive a snap ring when desired. A removable adapter
having a tapered interior surface may then be situated in the
hub bore to abut the snap ring. As an alternative to such a
snap ring, an annular flange may be provided on the remov-
able adapter to engage an end face of the hub. A tapered
sleeve member engages the tapered interior surface defined
on the removable adapter to effect securement of the hub to
the shaft. If a single adapter is used, it may be inserted from
either side of the hub in some configurations. Further, some
configurations permit a pair of adapters and corresponding
sleeve members to be used. The adapter and snap ring, if
any, may be removed when the hub is to be secured to a
screw conveyor drive shaft or the like.

29 Claims, 9 Drawing Sheets
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SHAFT-CARRIED SPEED REDUCER
HAVING ADAPTABLE MOUNTING
ARRANGEMENT

BACKGROUND OF THE INVENTION

- The present invention relates generally to the art of speed
reducers of the type including an output hub for mounting to
a shaft to be driven. More particularly, the present invention
relates to a mounting arrangement for such a speed reducer
which is adaptable to a variety of shaft configurations.

In many applications, it is desirable to utilize a speed
reducer which does not itself have an output shaft, but
instead mounts to an existing shaft. For example, it will
frequently be desirable to mount a speed reducer to a pulley
shaft in a belt conveyor system. Typically, the shaft in this
case may serve as the primary means by which the speed
reducer is supported. An arm member may also be provided
to resist torque which would otherwise tend to rotate the
speed reducer housing about the output hub.

Various arrangements have been provided to secure the
output hub of the speed reducer to the shaft. In a typical
arrangement, the output hub includes one or more tapered
surfaces on its interior. A sleeve member having a tapered
exterior surface is moved into the hub to engage one of the
tapered interior surfaces. The sleeve member includes a slot
which allows contraction about the shaft when the comple-
mentary tapered surfaces are brought into engagement.
Examples of such arrangements are shown in U.S. Pat. No.
4,626,114 to Phillips and U.S. Pat. No. 3,590,652 to Strang,
each incorporated herein by reference.

Similar speed reducers are often utilized in applications
involving a screw conveyor. A screw conveyor typically
includes an elongated auger mounted within an appropriate
trough. The auger is driven by a shaft secured to the output
hub of the speed reducer. In this case, the speed reducer itself
typically serves to support one end of the shaft and auger.
The other end of the auger is generally supported by an
appropriate bearing at the opposite end of the trough. A
particulate material, such as grain or sand, is conveyed down
the trough by rotation of the auger.

In a screw conveyor, the load imposed on the auger by the
conveyed material will sometimes impart a significant axial
force to the shaft. Because of the axial force imparted on the
shaft, as well as the difficulty in machining a matching taper
on the drive shaft, screw conveyor applications have typi-
cally not utilized tapered sleeve mounting arrangements
such as that described above. Instead, a reduced diameter
portion of the shaft is typically mounted in a straight hub
such that a face of the hub abuts a shoulder defined on the
shaft. A retaining plate is attached to the end of the shaft to
abut the opposite face of the hub or a snap ring situated in
a groove just inside of the end face of the hub. This
arrangement “‘sandwiches” the hub to resist the axial force
imparted on the shaft by the conveyor.

In most other respects, such as the drive train, speed
reducers utilized for general applications such as belt con-
veyors and speed reducers utilized with screw conveyors are
substantially similar. However, the different mounting
arrangements discussed above have required the installation
of different output hubs in the speed reducer, depending on
the application.

Further, while prior art tapered sleeve mounting arrange-
ments have been effective at securing the output hub to a
- shaft, they have not been as versatile as would often be
desirable. For example, it would be desirable to provide a
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- speed reducer in which the same hub could be used for

applications requiring tapered sleeves as well as applications
requiring attachment without tapered sleeves. An arrange-
ment would also be desirable which permitted the optional
use of one or two tapered sleeves. In addition, enhanced
versatility would be provided by a single tapered sleeve that
is mountable from either side of the speed reducer. It would
also be desirable to provide an arrangement whereby the
speed reducer may be secured to a shaft which does not
extend completely through the output hub. |

SUMMARY OF THE INVENTION

The present invention recognizes and addresses the fore-
going disadvantages, and others, of prior art constructions
and methods. Accordingly, it is an object of the present
invention to provide an improved arrangement for securing
a hub of a speed reducer to a shaft.

It is a further object of the present invention to provide an
arrangement for securing a hub having a substantially cylin-
drical interior surface which is adaptable to applications
requiring a tapered hub.

It is a more particular object of the present invention to
provide a shaft mounting arrangement which may be utilized
with either a shaft that supports the reducer, such as many
belt conveyor shafts, or an arrangement in which the speed
reducer supports one end of the shaft, as typified by the shaft
of many screw conveyers.

It is a further object of the present invention to provide an
improved tapered sleeve mounting arrangement for a speed
reducer hub.

It is a further object of the present invention to provide a
tapered sleeve mounting arrangement which may selectively
utilize one or two tapered sleeve members.

It is a further object of the present invention to provide a
tapered sleeve mounting arrangement which may utilize a
single tapered sleeve member mountable on either side of
the speed reducer.

It 1s a further object of the present invention to provide a
tapered sleeve mounting arrangement which may be
mounted to a shaft which does not extend completely
through the hub.

It is also an object of the present invention to provide
improved methods of securing an element having a substan-
tially cylindrical axial bore to a shaft.

Some of these objects are achieved by a speed reducer
apparatus adaptable to be mounted on either a straight shaft
or a stepped shaft. The apparatus comprises a reducer
housing from which an input shaft extends for connection to
a source of mechanical power. An output hub of the speed
reducer apparatus defines a substantially cylindrical axial
bore for receipt of the shaft to be driven. The output hub
itself is driven by rotation of the input shaft.

At least one removable adapter is provided having a
substantially cylindrical outer surface and a tapered interior.
surface. An expansion slot is defined along the length of the
adapter. The adapter is configured for insertion into the axial
bore of the hub such that a lesser diameter end of the tapered
interior surface will extend farther into the axial bore than a
greater diameter end thereof. Further, at least one sleeve
member is provided for receipt about the rotatable shaft. The
sleeve member includes a flange portion at one end thereof
and an exterior tapered portion defining an axial contraction
slot.

Securement means are further provided for axially mov-
ing together the sleeve member and the removable adapter
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such that the tapered exterior surface and the tapered interior
surface are brought into engagement. Retaining means
maintain the removable adapter in position as the sleeve
member and removable adapter are moved together by the
securement means. As a result, the adapter, and hence the

hub, will be secured to the shatt.

In an exemplary construction, the securement means
includes a plurality of spaced apart and axial through-bores
defined in the flange portion of the sleeve member. In this
case, a backing ring may be mounted on the hub to define
therein a plurality of threaded holes in substantial register
with the through-bores. A plurality of threaded members
extend through the through-bores of the sleeve member and
engage the threaded holes.

The retaining means may preferably include one or more
annular grooves defined in the axial bore of the hub. In this
case, a removable ring member may be situated in a selected
one of the annular grooves to abut the removable adapter. In
some embodiments, it will be desirable to locate one of the
annular grooves at approximately an axial midpoint of the
axial bore defined in the hub. In other embodiments, pairs of
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grooves may be provided with individual grooves of each

pair defined at symmetrical locations as seen from the axial
midpoint.

As an alternative, the retaining means may comprise an
annular flange located on the removable adapter at the
greater inner diameter end thereof. In this case, the annular
flange may engage an end face of the hub as the sleeve
member and the removable adapter are moved together. The
removable adapter will thereby be retained from undesired
axial movement in the axial bore.

In some applications, it may be desirable to provide a

25

30

single removable adapter and a single sleeve member. It the |

shaft to be secured extends completely through the hub, the
single sleeve member may be mounted on a side of the speed
reducer opposite to the application equipment, such as the
conveyor. If the rotatable shaft extends only partially
through the hub, the single sleeve member may be mounted
on the inner side of the speed reducer. In other applications,
it may be desirable to utilize a pair of removable adapters
with oppositely directed tapered sleeve members.

Other objects of the invention are achieved by a method
of securing an element having a substantially cylindrical
axial bore to a shaft. The method comprises the step of
providing an annular groove in the axial bore at a selected
location. As an additional step, an annular ring member is
placed in the groove. The ring member should be of the type
having an inner diameter less than an inner diameter of axial
bore to thereby provide an abutment portion. An additional
step of the method involves inserting into the axial bore a
removable adapter having a tapered interior surface, such
that a lesser inner diameter end thereof is juxtaposed to the
abutment portion of the ring member. In this case, a greater
inner diameter end of the adapter will be axially closer to an
end of the axial bore from which the adapter has been
inserted. Next, a sleeve member is placed about the rotatable
shaft such that a tapered exterior surface thereof is generally
complementary to the tapered interior surface of the remov-
able adapter. The sleeve member and the removable adapter
are then moved axially together such that the exterior
tapered surface will engage the interior tapered surface.

Another method of the present invention includes the step
of providing a removable adapter having a generally cylin-
drical outer surface and a tapered imterior surface, the
removable adapter further having an annular flange at a
greater inner diameter end thereof. The removable adapter is
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inserted into the axial bore such that the greater inner
diameter end abuts the element at a location adjacent an end
of the axial bore. A further step of the method involves
placing a sleeve member as described above about the
rotatable shaft and moving it into engagement with the
tapered interior surface of the removable adapter.

Other objects, features and aspects of the present inven-
tion are provided by various combinations and subcombi-
nations of the disclosed elements and methods, which are
discussed in greater detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

A full and enabling disclosure of the present invention,
including the best mode thereof, to one of ordinary skill in
the art, is set forth more particularly in the remainder of the
specification, including reference to the accompanying
drawings, in which:

FIG. 1 is a perspective view illustrating a speed reducer
apparatus driving a pulley shaft of a belt conveyor;

FIG. 2 is a side elevation of a speed reducer apparatus in
partial cross section illustrating one manner of shaft secure-
ment according to the present invention;

FIG. 3 is an enlarged view in partial cross section illus-
trating shaft securement as in FIG. 2;

FIG. 3A is a cross sectional view as taken along line
3A—3A of FIG. 3;

FIG. 4 is an enlarged partial cross sectional view illus-
trating a first alternative shaft securement technique accord-
ing to the present invention; |

FIG. 5 is an enlarged partial cross sectional view illus-
trating a second alternative shaft securement techmique
according to the present invention;

FIG. 6 is an enlarged cross sectional view illustrating a
third alternative shaft securement technique according to the
present invention;

FIG. 7 is an enlarged cross sectional view illustrating a
fourth alternative shaft securement technique according to
the present invention;

FIG. 7A is an enlarged cross sectional view similar to
FIG. 7 illustrating a still further alternative shaft, securement

technique according to the present imvention;

FIG. 8 is an enlarged cross sectional view of a hub
member showing a plurality of annular grooves therein for
receipt of respective annular rings;

FIG. 9 is an enlarged cross sectional view ﬂlustratmg
alternative retaining means according to the present inven-
tion;

FIG. 10 is a side elevation of a speed reducer apparatus in

partial cross section illustrating attachment to a screw con-
veyor shatt;

FIG. 11 is an enlarged view in partlal cross section
illustrating shaft securement as in FIG. 10; and

FIG. 11A is an enlarged view in partial cross section

illustrating an alternative to shaft securement as shown in
FIG. 11.

Repeat use of reference characters in the present specifi-
cation and drawings is intended to represent same or analo-
gous features or elements of the invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

It is to be understood by one of ordinary skill in the art that
the present discussion is a description of exemplary embodi-
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ments only, and is not intended as limiting the broader
aspects of the present invention, which broader aspects are

embodied in the exemplary constructions.

Referring now to FIG. 1, a shaft-carried speed reducer 10
1s illustrated in a typical application in which such devices
are utilized. As is well known, speed reducers function
generally to reduce the rotational speed of mechanical power
received from a power source. Such reduction in rotational

speed causes a concomitant increase in torque delivered to
the load, as desired.

In this case, speed reducer 10 is shown driving a shaft 12
(FIG. 2) extending from a pulley 14 of a belt conveyor
apparatus. Speed reducer 10 includes an input shaft 16
driven by a prime mover, here electric motor 18. Electric
motor 18 is connected to input shaft 16 through a V-belt 20

extending about respective sheaves 22 and 24.

Often, substantially the entire weight of speed reducer 10
and associated equipment will be supported by the shaft on
which it is secured. For example, in the illustrated
embodiment, a bracket 26 is provided attached to speed
reducer 10 to support electric motor 18. Thus, the weight of
both speed reducer 10 and motor 18 is supported by shaft 12.
An arm member 28 is provided to resist torque which would
otherwise tend to rotate speed reducer 10 about shaft 12.

As can be seen in FIG. 2, shaft 12 is itself secured to
output hub 30 of speed reducer 10, which is secured to
output gear 32. Output gear 32 is, in turn, driven from input
shatt 16 by an appropriate gear train within the housing of
speed reducer 10. As shown, the housing may be constructed
having a front section 34 and a back section 36 mated
together lltlllZlIlg bolts, such as bolt 38. Hub 30 is rotatably
supported in the reducer housing by suitable bearing
assemblies, such as those indicated at 4¢ and 42.

Reterring now to FIG. 3, the manner in which hub 30 is
secured to shaft 12 may be most easily seen. As shown, hub
30 defines an axial bore having a substantially cylindrical
interior surface 44. In the illustrated embodiment, an annular
groove 46 is defined in interior surface 44 at a location
substantially at the midpoint of the axial bore. A removable
snap ring 48 is situated in groove 46 such that a portion
thereof extends radially inward of interior surface 44.

Aremovable adapter 50 having a substantially cylindrical
outer surface and tapered interior surface is situated in the
axial bore of hub 30 as shown. Specifically, the greater inner
diameter portion of adapter 50 is adjacent one end of the
axial bore, whereas the lesser inner diameter end thereof
abuts the portion of snap nng 48 extending radially inward
of interior surface 44.

In addition, a sleeve member 52 having a tapered portion
34 and a flange portion 56 is received about shaft 12. As
shown, tapered portion 54 has a substantially cylindrical
interior surface and a tapered exterior surface. The tapered
exterior surface of tapered portion 54 is substantially
complementary to the tapered interior surface of adapter 50.

As can be seen in FIG. 3A, a contraction slot 58 is defined
in sleeve member 52 at least throughout the axial length of
tapered portion 54. Thus, as the tapered exterior surface of
tapered portion 54 is drawn into engagement with the
tapered interior surface of adapter 50, sleeve member 52 will
contract about shaft 12. In addition, a similar expansion slot
is defined in adapter 50, preferably throughout its entire
axial length. This expansion slot permits adapter 50 to
€Xpand as sleeve member 52 is moved therein to firmly
contact interior surface 44.

FIG. 3A also illustrates key 60, which may be provided to
~ prevent rotational slippage between shaft 12 and hub 30. As
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6

shown, key 60 is situated in appropriate keyways defined in
shaft 12, adapter 50, tapered portion 54 and hub 30.

Referring again to FIG. 3, securement means are provided
to cause sleeve member 52 to be drawn into adapter 50 in the
manner described. In exemplary constructions, such secure-
ment means may include a plurality of tightening bolts 62
extending through axial through-bores defined in flange
portion 56. Bolts 62 engage threaded holes defined in a
backing plate 64 which is mounted to hub 30.

To remove sleeve member 52, bolts 62 may be withdrawn
from the through bores and inserted into threaded holes also
located in flange portion 56. Typically, these threaded holes
will be angularly spaced and respectively located equidistant
between two of the through-bores. Tightening of bolts 62
will cause them to press against the surface of backing plate

64 with increasing force. As a result, sleeve member 52 will
be forced out of engagement with adapter 50.

Preferably, backing plate 64 may be a separate element
from hub 30. In this case, backing plate 64 may be retained
by one or more snap rings, such as snap ring 66, situated in
annular grooves defined on the exterior surface of hub 30.
This construction allows backing plate 64 to be rotated
during assembly such that the threaded holes defined therein
may be brought into substantial register with the through-
bores of flange portion 56. It should be appreciated,
however, that embodiments could be constructed in which
the threaded holes are defined in the end face of hub 30
itself.

As can be seen, the length of shaft 12 is relatively short.
Due to its short length, shaft 12 terminates in the interior of
hub 30 instead of extending completely therethrough. A
prior art construction requiring that the shaft extend com-
pletely through the hub could therefore not be used in this

situation.

Referring now to FIG. 4, an alternative mounting con-
figuration is illustrated. In this case, a shaft 68 is provided
having a sufficient length to extend through hub 30. As a
result, adapter S0 may be inserted into the opposite end of
hub 30 from that shown in FIG. 3. In this manner, sleeve
member 52 can be conveniently installed from the side of
speed reducer 10 which is opposite to the conveyor or other
application equipment. This eliminates the need for the
installer to attempt installation from behind speed reducer 10
which, it will be appreciated, is often difficult in the field.

It can thus be seen that the illustrated construction allows
sleeve member 52 to be installed from either side of speed
reducer 10. In some situations, it may be desirable to provide
the additional clamping fOI'CC or additional stability, which
may be achieved using two sleeve members. Thus, FIG. 5
tllustrates an application in which an auxiliary adapter 70
and an auxiliary sleeve member 72 are also provided.

While hub 30 includes a single annular groove 46 located
at the axial midpoint of the bore, it should be understood that
other configurations may also be desirable. For example,
FIG. 6 illustrates a hub 72 defining therein a pan' of annular
grooves 74 and 76. A spap ring 78 is located in groove 74
as shown. Groove 76 is unused in this case because adapter
80 has a length greater than one-half the axial length of the
bore defined by hub 72. A sleeve member 82 of similar
length is provided to engage adapter 80. It will be appreci-
ated that adapter 80 and sleeve member 82 could be inserted
into the opposite end of the bore if snap ring 78 were to be
placed in groove 76.

The present invention also contemplates the use of shorter
length adapters in applications where such is desirable. For
example, FIG. 7 illustrates a hub 84 having a pair of shorter
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length adapters 86 and 88 abutting respective snap rings 90
and 92. Snap rings 90 and 92 are, in turn, located in
respective annular grooves 94 and 96 defined in hub 84. The
tapered exterior surfaces of adapters 86 and 88 are engaged
by respective sleeve members 98 and 100.

It will be appreciated that the arrangement shown in FIG.
7 would require a shaft, such as shaft 68 discussed above,
which extends completely through the axial bore. For
shorter length shafts, such as shaft 12, an alternative
arrangement as shown in FIG. 7A may be utilized. In this
case. a hub 102 is illustrated defining grooves 104 and 106
which correspond to grooves 94 and 96 of hub 84. Unlike
hub 84, hub 102 further includes a centrally located groove
108 similar to groove 46 of hub 30. As can be seen, groove
106 is not utilized in this case. Instead, snap ring 92 is
situated in groove 108. Adapter member 88 is pushed farther
into the axial bore to abut snap ring 92 as shown.

In this case, a sleeve member 11¢ is provided having a
tapered portion 112 and a relatively elongated cylindrical
portion 114. Cylindrical portion 114 has an outer diameter
slightly less than the inner diameter of hub 102 to permit
sleeve member 110 to be easily inserted therein. The tapered
outer surface of tapered portion 112 engages the tapered
inner surface of adapter 88 in the manner described above.

It will be appreciated that adapter 88 and sleeve member
110 could be replaced by an arrangement having a more
gradual taper, such as adapter 50 in sleeve member 52 as
discussed above in FIGS. 2-5. However, it is often desirable
to utilize arrangements having a greater taper when attach-
ment is to be effected from both sides. This is because
arrangements having a greater taper may be more easily
removed. Arrangements having a more gradual taper may
often permanently adhere to the shaft and adapter, causing
the bolts or the like used for removal to break the flange
portion away from the tapered portion of the sleeve member.
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FIG. 8 illustrates a hub 116 having a total of five annular

grooves defined therein. The outermost grooves, indicated at
118 and 120, respectively correspond to grooves 94 and 96
of hub 84. Grooves 122 and 124 respectively correspond to
grooves 74 and 76 of hub 72. Groove 126, located at
approximately the axial midpoint of the hub bore, corre-
sponds to groove 46 of hub 30. It can thus be seen that hub
116 would be suitable for use in any of the embodiments
illustrated in FIGS. 2 through 7A. As such, this configuration

provides a significant degree of versatilify in use.

While the above configurations each utilize a snap ring to
retain the removable adapter during securement, it should be
appreciated that other suitable retaining means may also be
utilized. For example, FIG. 9 illustrates a modification of the
removable adapter which effectively performs this retaining
function. Specifically, an annular flange 128 is located at the
greater inner diameter end 130 of a removable adapter. As
the removable adapter and sleeve member are moved
together, flange 128 engages an end face 132 of the hub
member. As a result, the adapter will be prevented from
undesired axial movement.

Referring now to FIG. 10, speed reducer 10 is shown
installed in an application utilizing a screw conveyor. As can
be seen. the screw conveyor includes a rotatable auger 134
sitnated within a trough 136. Trough 136 includes an end
plate 138 having a mounting bracket 140 attached thereto.
The housing of speed reducer 10 is attached to mounting
bracket 140, as shown.

Auger 134 includes a tubular portion 142 to which a drive
shaft 144 is connected. Specifically, drive shaft 144 partially
extends into tubular portion 142 and is retained by one or
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more (generally two) transverse through-bolts such as bolt
146. Thus, as shaft 144 is driven, auger 134 will be rotated

to move the particulate material located in trough 136.

As can be most easily seen in FIG. 11, a removable
adapter is not utilized in this case to achieve securement of
hub 30 to shaft 144. In addition, the snap ring 48 has been
removed from the annular groove 46. Instead, a reduced
diameter portion 148 of shaft 144 is directly inserted into the
cylindrical interior surface 44 of hub 30, as shown.

To “sapdwich” hub 30, shaft 144 further includes a
stepped portion 150 engaging a first outer face of hub 30.
The opposite outer face of hub 30 is engaged by a retaining
plate 152 attached to the end of portion 148. Preferably,
retaining plate 152 is attached to portion 148 utilizing a bolt
154 threadingly engaging a suitable hole which has been
tapped therein.

FIG. 11A illustrates an alternative arrangement utilizing
hub 84 of FIG. 7. As can be seen, snap ring 92 remains in
groove 96 in this case. An end plate 156 having a diameter
slightly less than the inner diameter of hub 84 is inserted
therein to abut snap ring 92. A bolt 158 threadingly engages
a suitable hole tapped into the end of a reduced diameter
portion 160 of the auger drive shaft. It should be appreciated
that reduced diameter portion 160 may often have a shorter
length than would otherwise be the case because end plate
156 is located partially inside of the hub bore.

It can thus be seen that the illustrated construction is
adaptable to use either tapered sleeve securement or “sand-
wiched” securement, depending on the requirements of a
particular application. While preferred embodiments of the
invention have been shown and described, modifications and
variations may be made thereto by those of ordinary skill in
the art without departing from the spirit and scope of the
present invention, which is more particularly set forth in the
appended claims. In addition, it should be understood that
aspects of the various exemplary constructions may be
interchanged both in whole or in part. Furthermore, those of
ordinary skill in the art will appreciate that the foregoing is
by way of example only, and is not intended to be limitative
of the invention so further described in such appended
claims.

What is claimed is:

1. A speed reducer apparatus adaptable to be mounted on
a first shaft, said apparatus comprising:

a housing;

a second shaft extending from said housing for connection
to a source of power;

an output hub defining a substantially cylindrical axial
bore in which said first shaft is received, said hub being
driven by rotation of said second shatt;

at least one removable and generally cylindrical adapter
having a tapered surface, an axially extended wall
surface, an enlarged thickness end surface substantially
perpendicular to said wall surface and an axial adapter
slot, said adapter being disposed within said bore;

at least one sleeve member for receipt about said first
shaft, said sleeve member having a flange portion at
one end thereof and a tapered portion defining an axial
sleeve slot;

means for compressing said sleeve member and said
removable adapter such that said tapered portion of said
sieeve member will engage said tapered surface of said

removable adapter to effect securement of said hub to
said first shaft; and

means, removably disposed within said bore, for contact-
ing said enlarged thickness end surface of said adapter
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and for maintaining said removable adapter in a pre-
determined position as said sleeve member and said
removable adapter are compressed by said means for
compressing.

2. A speed reducer as in claim 1, wherein said means for
contacting and for maintaining includes at least one annular
groove defined in said axial bore and a removable ring
member adapted to be situated in said groove, said ring
member abutting said enlarged thickness end surface of said
removable adapter.

3. A speed reducer as in claim 2, wherein said annular
groove 1s located at approximately an axial midpoint of said
axial bore.

4. A speed reducer as in claim 2, wherein said at least one
annular groove includes a plurality of annular grooves
defined at predetermined locations in said axial bore.

3. A speed reducer as in claim 4, wherein said plurality of
annular grooves comprises at least three annular grooves.

6. A speed reducer as in claim 2, wherein said tapered
surface of said removable adapter tapers uniformly from an
end of reduced thickmess to said enlarged thickness end
surface thereof. |

7. A speed reducer as in claim 1, wherein said means for
compressing comprises: |

a plurality of spaced apart and axial bores defined in said

flange portion of said sleeve member;

a backing ring mounted on said hub, said backing ring
defining therein a plurality of threaded holes in sub-
stantial register with said axial bores of said sleeve
member; and

a plurality of threaded members carried by said bores of
said sleeve member and engaging said threaded holes
of said backing ring.

8. A speed reducer as in claim 1, wherein said at least one
removable adapter and said at least one sleeve member
respectively comprise two removable adapters and two
sleeve members mountable in pairs into opposite ends of
said axial bore.

9. A speed reducer as in claim 8, wherein at least one of
said sleeve members is constructed having an elongated
cylindrical portion between said flange portion and said
tapered portion.

10. A speed reducer as in claim 1, wherein said first shaft
extends completely through said axial bore and terminates at
a terminus location axially external of said hub, said sleeve
member being mounted such that said tapered portion
extends into said axial bore in a direction away from said
~ terminus location.

11. A speed reducer as in claim 1, wherein said first shaft
extends partially through said axial bore and terminates at a
terminus location axially internal of said hub, said sleeve
member being mounted such that said tapered portion
extends into said axial bore in a direction toward said
terminus location.

12. A speed reducer as in claim 1, wherein said at least one
removable adapter and said at least one sleeve member
respectively comprise a single removable adapter and a
single sleeve member.

13. An adaptable amrangement for securing an element
including a hub defining a substantially cylindrical axial
bore to a shaft for rotation therewith, said arrangement
comprising:

at least one removable adapter having a substantially
cylindrical axially extending outer surface and a
tapered interior surface and defining an axial expansion
slot, said adapter configured for insertion into said axial
bore of said hub such that a lesser inner diameter end
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thereof, having an end surface substantially perpen-
dicular to said outer surface, will be inserted farther

therein than a greater inner diameter end thereof:

at least one sleeve member for receipt about said rotatable
shaft, said sleeve member having a flange portion at
one end thereof and an exterior tapered portion defining
an axial contraction slot;

means for compressing said sleeve member and said
removable adapter such that said exterior tapered por-
tion of said sleeve member will engage said interior
tapered surface of said removable adapter to effect
securement of said element to said shaft; and

means, removably disposed in said bore, for contacting
said greater inner diameter end surface of said adapter
and for maintaining said adapter in a predetermined
position as said sleeve member and said removable
adapter are compressed by said means for compressing.

14. An arrangement as in claim 13 wherein said means for
contacting and maintaining includes at least one annular
groove defined in said axial bore and a removable ring
member adapted to be situated in said groove, said ring
member abutting said removable adapter.

15. An arrangement as in claim 14, wherein said at least
one annular groove includes a plurality of annular grooves
defined at predetermined locations in said axial bore.

16. An arrangement as in claim 15, wherein said plurality
of annular grooves comprises at least three annular grooves.

17. An arrangement as in claim 16, wherein a first groove
of said at least three annular grooves is located approxi-
mately at an axial midpoint of said axial bore with an equal
number of other annular grooves being located on respective
opposite sides of said first groove.

18. An arrangement as in claim 16, wherein said plurality
of annular grooves comprises at least five annular grooves.

19. An arrangement as in claim 14, wherein said remov-
able adapter and said tapered portion of said sleeve member
each have an axial length greater than one-half an axial
length of said axial bore. |

20. An arrangement as in claim 14, wherein said at least
one removable adapter and said at least one sleeve member
respectively comprise two removable adapters and two
sleeve members mountable in pairs into opposite ends of
said axial bore.

21. An arrangement as in claim 13, wherein at least one
of said sleeve member is constructed having an elongated
cylindrical portion between said flange portion and said
tapered portion.,

22. An arrangement as in claim 13, wherein said shaft
extends completely through said axial bore and terminates at
a terminus location axially external of said hub, said sleeve
member being mounted such that said tapered portion
extends into said axial bore in a direction away from said

terminus location.

53

65

23. An arrangement as in claim 13, wherein said shaft
extends partially through said axial bore and terminates at a
terminus location axially internal of said hub, said sleeve
member being mounted such that said tapered portion
extends into said axial bore in a direction toward said
terminus location.

24. An arrangement as in claim 13, wherein said tapered

interior surface of said removable adapter tapers uniformly
between said ends thereof.

25. An arrangement as in claim 13, wherein said means

for compressing comprises:

a plurality of spaced apart and axial bores defined in said
flange portion of said sleeve member;

a backing ring mounted on said hub, said backing ring
defining therein a plurality of threaded holes in sub-
stantial register with said axial bores of said sleeve
member; and
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a plurality of threaded members carried by said bores of
said sleeve member and engaging said threaded holes
of said backing ring.

26. An arrangement as in claim 13, wherein said shaft and

said hub include keyways and a key therefor.

27. An arrangement as in claim 13, wherein said at least
one removable adapter and said at least one sleeve member
respectively comprise a single removable adapter and a
single sleeve member.

12

28. An arrangement as in claim 13, wherein said at least
one removable adapter and said at least one sleeve member
respectively comprise two removable adapters and two
sleeve members mountable in pairs into opposite ends of
said axial bore. |

29. An arrangement as in claim 28, wherein said remov-
able adapters are abutted against a ring member located at
approximately an axial midpoint of said axial bore.

o I T - - -
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